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Abstract 
Existing drought-impacted data are generally rooted from individual reports, which under-represent spatial information. To 
improve the report, some meteorological satellites have been employed. Nonetheless, due to lacking of spatial resolution, the 
scale of the data is often excessively coarse. With the availability of long-term Landsat data, estimated extent of drought has been 
studied. One of the latest methods for this purpose is Vegetation Supply Water Index (VSWI). VSWI is defined as a ratio 
between vegetation index (in this case NDVI) and land surface temperature (LST, presented in Kelvin). Both data can be derived 
from remote sensing data containing multispectral reflectance and thermal data, which are available in Landsat data after 
calibration procedure. In this research, Landsat 7 sensor was applied considering its temporal span. Landsat data were 
atmospherically corrected to avoid misinterpretation of the results. We found that VSWI can accommodate various state of 
drought in agricultural fields. Severely affected fields are represented in dark tone, illustrating the absence of vegetation cover 
when surface temperature rises.  Nonetheless, shortcomings of the technique are visually observable. Based on two kinds of rice 
field (irrigated and rainfed) coupled with two states of field condition (wet and dry), we conclude that dried and waterlogged 
irrigated rice fields are inseparable due similar value of NDVI. In contrast, vegetated rice field has fairly high VSWI value. The 
results indicate that further analysis incorporating water index can improve discrimination process. 
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1. Introduction 
Since drought is associated with low vegetation cover, early remotely-sensed information on drought was taken 
from vegetation indices, including Normalized Difference Vegetation Index (NDVI). Very low NDVI value, 
especially in long term, is likely to indicate drought. Using the idea, Vegetation Condition Index (VCI) was 
developed to further exploit NDVI time series data, especially from medium resolution data such as MODIS. VCI 
also accommodates temporal variation of NDVI within specific time frame.  
With the advance of thermal sensors, temperature-based drought indices have been intensively developed. Single 
parameter input of temperature was introduced. This included Temperature Condition Index (TCI), which has 
similar equation to VCI. Whilst this index is easy to compute, its robustness to provide information has been under 
scrutiny and it may not be reliable in operational basis. 
To improve previous approaches, a combined vegetation index and temperature has been in favor. Sanholt et al. 
[1], for instance, developed Temperature-Vegetation Dryness Index (TVDI) by integrating temperature and 
vegetation data to improve detection of dry pixels. TVDI was tested in several regions including in China using 
coarse spatial resolution imageries [2]. Despite its accuracy in detection, TVDI is not easily implemented due to 
necessity to compute wet and dry line prior the decision of dry pixels. 
Using the same data inputs, VSWI was developed by Carlson et al. [3]. Primary advantage of the technique, in 
comparison to TVDI, is its computation time since VSWI simply calculates a ratio between NDVI and temperature, 
without the need to calculate wet and dry edges. This method has been studied by Mohsen et al. [4] for drought 
assessment in the Middle East. Drought in the US soybean fields was also detectable using this technique as reported 
by Huang et al. [5]. Despite some intensive uses, VSWI has some drawbacks. Li et al. [6], for instance, concluded 
that VSWI was likely being influenced by topography and land cover types. Further exploration on the technique, 
however, is required to extend previous knowledge and to understand constraints during the implementation. This 
paper provides a discussion about limitations on the method applied to high resolution remote sensing data. 
2. Methodology 
The research was located in Tuban Regency (Figure 1), one of prominent rice producers in East Java province, 
Indonesia. By comparing two field datasets in June and September 2014, it is concluded that most of agricultural 
fields have been severely affected by drought. Primary data for image analysis in this research were Landsat 7 
(ETM+) data acquired at 16 September 2014, which represent the heaviest 2014 drought effect so far.  
Both multispectral and thermal data were processed to derive vegetation index and temperature respectively. All 
data were pre-processed to derive at sensor radiance using calibration definition provided by Chander et al. [7]. To 
account variations of atmospheric effect, this research employed radiometric correction proposed by Coll et al. [8], 
which we found slightly better than the one provided by image-based calibration algorithms such as Dark Object 
Subtraction (DOS). Using atmospherically-corrected data, brightness temperature was then estimated exploiting 
Chander et al. [7] equation. 
Analysis of Landsat ETM+ was then followed by two field surveys across the regency. The first survey was 
dedicated to collect general information on land utilization, which was taken in May 2014. May is considered the 
early stage of dry season in the area. The second survey of September 2014 was designated to collect ground truth 
data on the condition of both paddy fields (sawah) as well as upland fields. In this paper, a subset of the data was 
used to study areas which were severely affected by the drought. During the surveys, local condition of fields was 
entered into a database including its location. We used Garmin 60 CSX handheld GPS to indicate location of 
individual field data. 
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Fig. 1. Research site 
3. Results and Discussion 
Main benefit of VSWI is simplicity of the technique, making it feasible for rapid assessment of drought. Using 
aforementioned technique, a scene of Landsat ETM+ data can be quickly processed. The result is presented in Figure 
2a. In comparison to color composite of RGB 542 (Figure 2b), there is a strong relationship between dark pixels in 
VSWI image and pale reddish color in the composite image, indicating that VSWI successfully identifies drought 
area. Referring to ground survey data, almost all agricultural fields away from the Bengawan Solo River in the South 
were severely affected by drought. 
Despite the advantage, VSWI image exposes the weakness of the technique when applied in waterlogged rice 
fields. Since those fields are least vegetated, VSWI value is very low since the NDVI serves as the numerator in the 
fraction. This is clearly indicated in rice fields alongside the river, while is also vividly shown in color composite 
image.  
Using available land cover data, statistics of VSWI can be further investigated. Overall statistics presented in 
Figure 3 is taken from 4 different sites representing each land cover class. As seen, variance of each class is 
considered low, indicating homogeneity in each class. Due to evergreen cover, woody vegetation is persistently 
immune to drought. On the other hand, agricultural fields have very low VSWI values, indicating their vulnerability 
to drought. The figure indicates that irrigated fields are fairly vulnerable, similar to non irrigated ones, suggesting the 
necessity of irrigation improvements. 
Fig. 2. (a) VSWI image; (b) color composite RGB 542. Top and bottom arrow respectively indicates correct and false identification 
28   Bambang H. Trisasongko et al. /  Procedia Environmental Sciences  24 ( 2015 )  25 – 28 
Fig. 3. Variation of VSWI statistics over different land cover classes 
4. Conclusion 
We have shown that VSWI is straightforward to rapidly identify drought in agricultural fields in Tuban region. 
Nonetheless, the technique mistakenly identifies waterlogged rice fields, since their absence of vegetation cover. 
This urges further research by associating water in the drought identification problems. This case also indicates that 
drought vulnerability applies to non irrigated as well as some irrigated fields. 
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